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Determination of γdirect/pi0 using photon-charge
particle correlationmeasurement in high energy
heavy ion and pp collisions
Subhasis Chattopadhyay
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Abstract
A method has been proposed for the determination of γ to pi0 ratio in high energy
pp and nucleus-nucleus collisions at large transverse momentum (pT ). In photon
measuring device, it is proposed that shower shape analysis is made to select only
cases with wide showers. These candidates come mostly from pi0. Correlation is mea-
sured between those photon candidates as trigger particles and associated charged
particles above selected pT . The ratio of yields of near and far angle correlation peaks
for pi0 events is compared with correlation peaks from other set of events where trig-
ger particle contains photons for direct-photon jets alongwith pi0. The comparative
study in reduction of yield of near angle peak is used to extract photon fraction.
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1 Introduction
In high energy heavy ion collisions
photons play a very important role
in understanding the created system.
Special attentions are made to detect
photons at various pT [1]. Depending
on the physics requirement, energy
and position resolution and energy
reach of detected photons vary. At
very high collision energy e.g at LHC
a large fraction of photons are ex-
pected to be produced as γ-jet. Sev-
eral observations are made at RHIC
where leading particle spectra are
found to be quenched in high energy
heavy ion collision. One of the pos-
sible explanation is loss of energy of
partons forming jets while passing
through dense matter [2]. It is how-
ever impossible to reconstruct full
jet in AA collisions because of large
background due to soft particles. One
of the ways calibration of jets can be
done is by detecting photons from
γ-jet events, where photons do not
loose energy. There are several pre-
dictions made on the cross-section
of produced large pT photons where
the fraction of photons produced are
expected to go up with increase in
collision energy. On the other hand
with increase in photon pT , the sep-
aration of photons from pi0 becomes
difficult as the angular separation
between the decay photons become
small and likely to deposit energy in
same detector cell. Efforts are made
to reduce the cell-size of the detector
, so that some handles can be made
on photon-pi0 discrimination based
on shower shape parameter. But even
with reasonable granularity, photon
samples contain good fraction of pi0
[3]. In these methods a threshold is
applied on shower shape below which
samples are rich in photons and at
large shower-size the samples contain
mostly pi0. These pi0-rich samples are
usually ignored and efforts are made
to reduce the fraction of pi0 contam-
ination in photon-rich sample. It is
however possible to take these pi0-
rich sample as reference and some
pi0-specific property can be used to
estimate γ to pi0 ratio in photon-
rich sample. Overall γ/pi0 can be
obtained taking γ/pi0 from various
subset of events.
In this paper we propose photon-
charged particle azimuthal correla-
tion for pi0-rich events as a reference
for such estimation. Decay photons
from pi0 when correlated with associ-
ated charged particles give two peak
structures characteristics of jets.
However, direct photons coming out
as a part of photon jet will have near
angle peak absent and far-angle peak
will look like those of pi0-jet for sim-
ilar jet energy.This property can be
used to estimate photon-pi0 relative
population.
2 Proposal
We propose that we take photons
with very large shower size as tig-
ger particles where samples con-
tain mostly pi0 events and find the
azimuthal correlation with respect
to the associated charged particles
above some pT . We then measure
the ratio (Rlarge) of the yields of two
characteristic correlation peaks by
measuring the area under each corre-
lation peak. Similar correlation func-
tions are measured for photons sam-
ples with smaller shower size where
data set contains γdirect with varying
fraction. Here also we take the ratio
of near and far angle yield (Rsmall).
Comparison of Rlarge with Rsmall
will give the estimate of γdirect/pi
0 for
that set of events. This exercise can
be carried out for different pT bins of
trigger particles to obtain pT spectra
of γ/pi0.
3 Simulation
Simulation is performed using HI-
JING [4] event generator in which
hard-scattering has been imple-
mented with detailed jet fragmenta-
tion. No particular detector configu-
ration is used in this simulation, so it
is implied that all particles produced
in the events will be detected. We
generated two types of events at LHC
energy for pp collisions. One type of
events select only those cases hav-
ing at-least one photon coming out
from direct photon and other type of
events contain at least one high-pT
pi0 leading particle. Lowest threshold
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Fig. 1. Azimuthal correlation for di-
rect-photon events in pp collision at
LHC energy. Photons with highest pT in
the event is taken as trigger particle and
charged particles with passociatedT > 1
GeV/c is taken as associated particles.
of pT for trigger photon used in this
simulation is 8.5 GeV/c. Correlation
function is then constructed tak-
ing photons as trigger particle and
charged particles with different pT
as associated particle. Fig.1 shows
the correlation function for ’direct
photon’ events with passociatedT > 1
GeV/c. Fig 2 shows similar correla-
tion function for pi0 events. It is seen
while in case of pi0 events two corre-
lations peaks are clearly seen, in case
of direct-photon events, near angle
peak is absent. Large error bars in
’direct-photon’ cases reflect lack of
statistics. In all correlation functions
we measure (1/Ntrig)dN/dφ, where
Ntrig is the number of trigger par-
ticle and dN corresponds to num-
ber of pairs in various ∆φ bin. No
correction is made on efficiency of
associated charged particles.
Two peaks are then fitted with gaus-
sian in the range of δφ = -1 to 1 ra-
dians and δφ from 2.0 to 4.5 radians
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Fig. 2. Azimuthal correlation for pi0
events in pp collision at LHC energy.
Photons with highest pT in the event
is taken as trigger particle and charged
particles with passociatedT > 1 GeV/c is
taken as associated particles.
and yields are determined by obtain-
ing the area under each peak. In or-
der to simulate correlation function
where pi0-jets are mixed with γ-jets
, we superposed direct-photon cor-
relation function with pi0-correlation
function with different γ/pi0 ratios.
Proper weightage is taken to obtain
the resultant correlation function.
Fig. 3 shows the variation of (near
angle yield)/(far angle yield) for var-
ious γ-jet fraction in mixed sample.
It is seen when entire data sample
contains γ-jet events, ratio becomes
close to zero, and for various pi0 frac-
tion ratio increases reaching a value
which depends on mean transverse
energy of jets and on associated par-
ticle threshold. It is clearly seen that
this yield ratio is sensitive to γ to pi0
ratio. In order to simulate the sensi-
tivity in case of PbPb collisions, we
have taken one sample PbPb event
generated from Hijing event genera-
tor. Two types of pp events are then
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Fig. 3. Ratio of near and far angle yield
for various γ fraction in the event sam-
ples where correlation function for di-
rect-photon events are mixed with cor-
relation function of pi0 leading particle
events.
superposed on this PbPb event. Fig.
4 (top) shows the correlation function
for the pi0-jet events superposed on
PbPb event for ptriggerT > 8.5 GeV/c.
As expected the background of the
correlation function increases drasti-
cally in presence of PbPb event. We
then estimated the background by
taking average of correlation func-
tion in the region of ∆φ from 1 to 2
radians. Background was then sub-
tracted to obtain final correlation
function (fig. 4(bottom) which was
then fitted with gaussians to ob-
tain near and far angle correlation
function yield. The peak heights in
background-subtracted correlation
function differ compared to pp case.
This can be attributed to the back-
ground in PbPb events where there
are cases with large background not
contributing to the correlation peak
corresponding to the trigger particle.
But the method based on relative
yield ratio should not be affected by
this background effect. We therefore
made all further investigations using
background-subtracted correlation
function. Following the procedure as
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Fig. 4. Azimuthal correlation function
for pi0-jet pp events superposed on
events from PbPb collisions (top) no
background subtracted (bottom) back-
ground subtracted
adopted for pp collision case, ratio
is found for varying γ-fraction. It is
observed that in case of correlation
function in presence of heavy ion
events also we can use this method to
obtain γ/pi0. From the slope in two
cases however it is seen that slope is
steeper in pp case compared to PbPb
case.
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Fig. 5. Ratio of near and far angle yield
for various γ fraction events superposed
on PbPb events.
4 Discussions
It is clearly seen from the results of
the simulation that more the sample
becomes rich in photon, better sen-
sitive is the method in determining
γ/pi0. Photon-rich samples can be ob-
tained by two steps (a) using this cur-
rently proposed method after the use
of all possible discriminatory proper-
ties available (b) we expect increase
in photon fraction due to the quench-
ing of pi0. There is however a possibil-
ity of mismatch for pi0-jet some frac-
tion of energy going to the associated
particle.
We have tried to estimate the effect
of passociatedT , as it might be necessary
to use higher threshold on passociatedT
for PbPb central events where back-
ground will be large. We have not
made detailed estimation about the
threshold of ET of trigger photons
and corresponding passociatedT where
correlation function can be mean-
ingful, but we have taken events
with ET of trigger particle as 45-55
GeV/c and studied with three differ-
ent passociatedT e.g. 1GeV/c, 2GeV/c
and 4 GeV/c. For this ET correlation
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Fig. 6. Ratio of near and far angle yield
for various pi0 fraction for ptrigT > 45−55
GeV/c and passociatedT > 1, 2, 4 GeV/c.
Ratio for each case is normalized wth
respect to the ratio when entire sam-
ple contains pi0 events. Solid line corre-
spond to passociatedT > 1 GeV/c, dashed
line for passociatedT > 2 GeV/c and dot-
ted line correspond to passociatedT > 4
GeV/c.
peaks are clearly visible. Fig.6 shows
the ratio with different pi0 fraction,
normalized with the cases where pho-
ton fraction is absent. It is seen that
for lower passociatedT , the ratio changes
faster compared to higher passociatedT .
One of the possible reasons could
be with higher passociatedT full jet will
not be accepted. So it might be sug-
gested to use as low pthresholdT as far
as possible.
This approach are expected to be use-
ful in extracting the spectra of pho-
tons after the estimation of pi0 pro-
duction using pi0-rich sample. This
estimation of the sensitivity of the
method however should be made us-
ing realistic photon production rate
at LHC energies.
In summary, we have proposed a
method for extraction of γ/pi0 for
heavy ion collisions at LHC energies
using photon-charged correlation. It
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is seen that the yield ratio of near and
far angle correlation peaks is sensi-
tive to γ/pi0 in the sample of events.
It is also seen that this method is
more effective for lower passociatedT .
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